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Abstract
Providing quality patient care is a basic tenant of medical and surgical practice. Multiple orthopaedic programs,
including The Patient Safety Committee of the American Academy of Orthopaedic Surgeons (AAOS), have been
implemented to measure quality of surgical care, as well as reduce the incidence of medical errors. Structured
Root Cause Analysis (RCA) has become a recent area of interest and, if performed thoroughly, has been shown to
reduce surgical errors across many subspecialties. There is a paucity of literature on how the process of a RCA can
be effectively implemented. The current review was designed to provide a structured approach on how to
conduct a formal root cause analysis. Utilization of this methodology may be effective in the prevention of
medical errors.
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Background
Quality of care has been an evolving area of interest in
both medical and surgical specialties. Ensuring appropri-
ate, efficient, effective and quality care is now a regulated
branch of medical practice. Organizations like the
National Surgical Quality Improvement Program meas-
ure the quality of surgical care and encourage hospitals
to implement formal quality improvement projects [1].
Furthermore, Medicare has stopped providing reim-
bursement for complications deemed as “preventable”
[2]. Preventable orthopaedic complications can include
wrong-site surgery and preoperative deficiencies result-
ing in postoperative complications such as surgical site
infections, catheter-associated urinary tract infections,
and venous thromboembolism [3]. As such, both hospi-
tals and payors have new incentives to reduce surgical
complication rates. Multiple orthopaedic programs, in-
cluding the Patient Safety Committee of the American
Academy of Orthopaedic Surgeons (AAOS), have been
developed to improve patient safety on national, state,
and local levels. The Patient Safety Committee supports
numerous healthcare agencies to improve healthcare
quality and reduce medical errors [4]. The Joint Com-
mission now expects physicians to develop integrated
patient safety systems including sentinel event reviews
and Root Cause Analysis. The purpose of this paper is to
present a model using Root Cause Analysis (RCA) as an
effective and efficient means of promoting patient safety
as a complement to a department or health system pa-
tient safety structure.
Root cause analysis
RCA is a systematic approach aimed at discovering the
causes of close calls and adverse events for the purpose
of identifying preventative measures [5]. RCA teams
look beyond human error to identify system issues that
contributed to or resulted in the close call or adverse
event [6]. The goal is to answer what happened, why did
it happen, and what can be done to prevent it from
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happening again? [7, 8]. The process includes document
reviews and interviews with the parties involved in the
event. Flow diagramming, cause and effect diagramming,
and identifying root causes and contributing factors help
to organize the events and determine why an error oc-
curred. Based on the root causes and contributing factors,
actions can be developed to prevent the error from recur-
ring. Measuring the outcome of an intervention is also
planned in order to determine the success of the RCA.
Tools to assist the team include triggering questions, the
five rules of causation, and action hierarchy [7].
RCA process
The goal of performing an RCA is to protect patients by
identifying and changing factors within the healthcare
system that can potentially lead to harm. There are 9
steps (Table 1) which serve as a guide for performing an
effective RCA. Before a RCA can begin, honest and open
reporting of errors is required [9]. A Department should
strongly encourage residents, midlevel providers, and
faculty to report adverse events and close calls (or near
misses). A risk based triaging system should be used to
evaluate the report to determine if an RCA is required.
At our institution, there is a patient care committee
comprised of faculty and residents who review incident
reports and decide if an event would benefit from an
RCA. If an RCA is required, it would be assigned to a
small team consisting of 4 to 6 individuals who have
fundamental knowledge of the specific area involved [7].
Team members should consist of physicians, supervi-
sors, ancillary staff and quality improvement experts. It
is important that members of the RCA team are not in-
volved in the case being reviewed to ensure objectivity
[10, 11]. Time to completion of an RCA varies depend-
ing complexity of the case, time required to conduct in-
terviews and synthesize information, and barriers to
implementation of corrective actions; however, a typical
investigation should range between one to three months.
The next step of the RCA process is to create an “ini-
tial flow diagram” depicting the known sequence of
events leading up to the adverse event being investi-
gated. The purpose of the initial flow diagram is to
present the known facts and serve as a springboard to
investigate what contributed to each event [12]. Devel-
opment of a basic flow diagram facilitates a mutual un-
derstanding of the event and problem.
An extensive list of “triggering questions” provides a
clinical context and helps postulate what occurred dur-
ing the time period in which the adverse event took
place [13, 14]. Triggering questions serve as cognitive
aids to identify areas of inquiry that may not have been
previously considered. The questions cover communica-
tion, training, engineering, equipment, rules, policies,
procedures, and barriers. To answer these questions, any
individual who may have contributed to the progression
of the adverse event is subsequently interviewed. This
includes attending physicians, residents, mid level
providers, nursing, engineering, and ancillary staff.
The purpose of these questions and ensuing inter-
views is to identify exactly what occurred, and fill in
details of the initial flow diagram, thus creating an
“event story map” (Fig. 1). The event story map con-
veys in significant detail what happened and why it
happened utilizing the information collected during
the interview process.
Once the Event Story Map is constructed, it is ne-
cessary to develop a “cause and effect” diagram. A
cause and effect diagram is composed of a problem
statement, an action, and two to three conditions
Table 1 Process of root cause analysis (RCA)
Step 1: Identify Adverse Event
• Honest and open reporting of adverse events
• Committee review of clinical documentation to understand basics of
what event happened? When? Who was involved? How and why did
it happen?
• Identify appropriate RCA investigations
Step 2: Organize a Team
• Team should consist of 4–6 members of clinicians, supervisors, quality
improvement experts with fundamental knowledge of specific area of
interest
• Ensure that despite members having different levels of authority,
everyone should be treated as equals
• Members should not be directly involved with the case in question
• Appoint an unbiased team leader/facilitator
Step 3: Develop an Initial Flow Diagram
• Use a flowchart to describe the processes leading to the event
• Organizing the information to reach a mutual understanding of the
problem
Step 4: Develop an Event Story Map
• Use of Triggering questions to guide further investigation
• Conduct thorough interviews with all parties involved in event
• Thorough review of clinical documentation surrounding the event
Step 5: Develop a Cause and Effect Diagram
• Identify a single problem statement
• Identify Actions and Conditions that caused the problem statement
• These categories should address communication problems, policies,
rules, procedures and human errors leading to the event
Step 6: Identify Root Cause Contributing Factors (RCCF)
• Describe how a cause led to an effect and increased the likelihood of
adverse event
• Apply 5 rules of causation for crafting RCCF statements
Step 7: Develop Corrective Actions
• Identify barriers and risk reduction strategies to prevent root cause
from recurring
• Multiple actions may be required
• Implement a trial test of corrective action
Step 8: Measure Outcomes
• Develop outcome measurements to ensure appropriate
implementation of actions
• Track quantifiable data to document effectiveness of actions over time
• Evaluate and fine-tune improvement efforts if needed
Step 9: Communicate Results
• Communicate results of RCA to all staff involved in event and more
broadly if applicable
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[15]. These categories should address communication
problems, policies, rules, procedures and human er-
rors leading to the event. Each causal event box in
the diagram is connected to the preceding box by a
“caused by” statement (Fig. 2). This process is contin-
ued until knowledge of the event is exhausted, it
becomes apparent that additional investigation is re-
quired, or the causal events identified are too far
removed to be of value. The purpose of crafting a
cause and effect diagram is to help the teams identify
causal links and ascertain “root cause contributing
factors” (RCCF) for each event.
Crafting a RCCF statement begins by describing how
something (cause), led to something (effect), that in-
creased the likelihood of an undesirable outcome (event)
[14]. After the initial RCCF statement or statements are
created, the “Five Rules of Causation” are applied to
finalize each statement (Table 2) [16, 17]. By correctly
crafting the RCCF statement, the teams’ findings are dis-
tilled into one or two sentences that describe what
Fig. 2 A Cause and Effect Diagram is read from left to right connected by “caused by” statements. From the cause and effect diagramming
model in Apollo Root Cause Analysis by Dean L. Gano [15]
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Fig. 1 Event story map creation conveys significant detail of event after chart reviews and personnel interviews
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happened and why it is important to expend time and/
or resources to correct it. This creates a road map lead-
ing to the development of corrective actions and their
respective process or outcome measures. The implemen-
tation of these actions is what ultimately improves pa-
tient safety.
The RCCFs are placed on the event story map be-
fore the primary event where there is a system vul-
nerability that should be addressed. This placement
indicates the location where an existing barrier needs
to be reinforced or where a new barrier needs to be
created. Ideally there will be RCCFs identified at mul-
tiple points along the event story map, which graphic-
ally represents how care processes are designed to be
fault-tolerant.
Finalizing an event story map with appropriately
identified RCCF statements would be meaningless to
patients if it did not lead to action and change. Using
the RCCF statements, specific actions with the goal of
sustained system improvement are implemented [12,
18]. While the implementation of the actions is left
to department and hospital leadership, the RCA team
is responsible for identifying an individual to follow
the implementation process and confirm the changes
have in fact been made. A properly crafted process or
outcome measure should be specific, quantifiable, and
provide a timeline on when it is going to assessed
[19]. It should clearly tell you if the action that was
implemented resulted in the desired system change.
Finally, corrective actions identified throughout the
RCA should be shared amongst appropriate parties
not only involved in the RCA and adverse event or
close call but also with other hospital staff and
departments as a means to promote quality improve-
ment [12, 19].
Conclusion
Elimination of medical errors and promotion of patient
safety through quality improvement programs continues
to be an evolving area of interest. Payment schemes and
national programs have been developed with the
purpose of ensuring quality healthcare. However, the
orthopaedic literature is sparse on how to effectively de-
velop and implement quality improvement programs.
Our model provides guidance on the development and





The publication costs for this article were covered in full by a grant from the
Colorado Physician Insurance Company (www.copic.com) to Philip F. Stahel,
MD. COPIC had no influence on authorship or content of this article.
Availability of data and materials
Not applicable.
Authors’ contributions
RC and BH participated in the RCA process and design of this manuscript. JG
and JD have extensive experince in the design and implementation of the
RCA process. MC and JB oversaw the implentation of this project. YL and MH
lead the RCA team and the design of this manuscrupt. All authors read and
approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
Not applicable.
Author details
1Department of Orthopaedic Surgery, University of Michigan, 2912 Taubman
Center, SPC 5328, 1500 E. Medical Center Dr., Ann Arbor, MI 48109, USA.
2Center for Healthcare Engineering & Patient Safety, College of Engineering,
University of Michigan, Ann Arbor, MI, USA. 3Department of Internal
Medicine, University of Michigan, Ann Arbor, MI, USA. 4Department of
Biomedical Engineering, University of Michigan, Ann Arbor, MI, USA.
Received: 21 June 2016 Accepted: 26 August 2016
References
1. American College of Surgeons. National Surgical Quality Improvement
Program. Available at: http://www.acsnsqip.org. Accessed 10 December 2015.
2. Pronovost PJ, Goeschel CA, Wachter RM. The wisdom and justice of not
paying for “preventable complications”. JAMA. 2008;299:2197–9.
3. Centers for Medicare & Medicaid Services. Hospital-acquired conditions.
Available at: http://www.cms.gov/HospitalAcqCond/06_Hospital-Acquired_
Conditions.asp#TopOfPage. Accessed 10 December 2015.
4. The Patient Safety Committee of the American Academy of
Orthopaedic Surgeons. Available at: http://www.aaos.org/Quality/.
Accessed 10 December 2015.
5. Spath P. Error reduction in health care: a systems approach to improving
patient safety. Washington, District of Columbia: AHA Press; 1999.
6. Rooney JJ, VandenHeuvel LN. Root cause analysis for beginners. Qual Proc.
2004;37:45–53.
7. National Patient Safety Foundation. RCA Improving Root Cause Analysis and
Actions to Prevent Harm. Available at: http://www.ashp.org/DocLibrary/
BestPractices/NPSF-Root-Cause-Analyses.pdf. Accessed 12 December 2015.
8. Guidance for Performing Root Cause Analysis. Available at: https://www.
cms.gov/medicare/provider-enrollment-and-certification/qapi/downloads/
guidanceforrca.pdf. Accessed 25 May 2016.
9. Patient Safety Systems Chapter, Sentinel Event Policy and RCA2. Available at:
https://www.jointcommission.org/sentinel_event.aspx. Accessed 25 May 2016.
Table 2 Five rules of causation for root cause contribution
factor
Five Rules of Causation
1. Clearly show the cause and effect relationship.
2. Use specific and accurate descriptors for what occurred, rather
than negative and vague words.
3. Human errors must have a preceding cause.
4. Violations of procedure are not root causes, but must have a
preceding cause.
5. Failure to act is only causal when there is a pre-existing duty
to act.
Charles et al. Patient Safety in Surgery  (2016) 10:20 Page 4 of 5
10. Vollmer Jr CM, Sanchez N, Gondek S, et al. A root-cause analysis of mortality
following major pancreatectomy. J Gastrointest Surg. 2012;16:89–102.
11. Kruskal JB, Siewert B, Anderson SW, Eisenberg RL, Sosna J. Managing an acute
adverse event in a radiology department. Radiographics. 2008;28:1237–50.
12. Joint Commission Resources Quality & Safety Network Resource Guide Risky
Business: Assessing and Managing Risk in Your Organization January 23,
2014. Available at: http://demo.qualityandsafetynetwork.com/downloads/
14_JCR1_Risky_Business.pdf. Accessed 25 May 2016.
13. Center for Healthcare Engineering and Patient Safety. Triggering
Questions for Root Cause Analysis Developed by VA National Center for
Patient Safety. Available at: https://cheps.engin.umich.edu/wp-content/
uploads/sites/118/2016/08/RCA-triggering-questions-April-2015.pdf. Accessed 6
June 2016.
14. VA National Center for Patient Safety RCA Tools. Available at: http://www.
patientsafety.va.gov/docs/joe/rca_tools_2_15.pdf. Accessed 25 May 2016.
15. Gano D. Apollo root cause analysis: a new way of thinking. 1st ed. Yakima:
Apollonian Publications; 1999.
16. Marx D. “Maintenance Error Causation” A technical report prepared for the
Federal Aviation Administration. 1999.
17. VA National Center for Patient Safety. Available at: http://www.patientsafety.
va.gov/professionals/publications/glossary.asp. Accessed 12 December 2015.
18. Abujudeh HH, Bruno MA. Quality and safety in radiology. Oxford: Oxford
University Press; 2012.
19. Carroll JS, Rudolph JW, Hatakenaka S. Lessons learned from non- medical
industries: root cause analysis as culture change at a chemical plant. Qual
Saf Health Care. 2002;11:266–9.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Charles et al. Patient Safety in Surgery  (2016) 10:20 Page 5 of 5
